Abstract A new Zn(II) coordination polymer based on oxalic acid and 1,4-bis(imidazol-1-ylmethyl)benzene (bix), namely, [Zn(C 2 O 4 )(bix)] n (1), has been successfully synthesized under hydrothermal conditions. Its structure has been determined by single crystal X-ray diffraction analysis, elemental analyses and IR spectroscopy. Compound 1 shows a two-dimensional (2D) layer structure. The intermolecular C-HÁÁÁO interactions extend the compound 1 into 3D supramolecular architectures and play an important role in stabilizing compound 1. In addition, the luminescent property of the compound has also been investigated in solid state at room temperature.
Introduction
Researches on the metal-directed extended networks have drawn great attention owing not only to their intriguing structural motifs but also to their potential applications in catalysis, medicine, hostguest chemistry and molecularbased magnetic materials [1] [2] [3] [4] [5] . In this field, the metals often have different valences, making a number of building blocks to fulfill special needs. Many important properties of coordination polymers depend largely on their structures and topology. Therefore, the selection of special inorganic and organic building blocks is the key to the construction of a desired framework [6] . In this respect, the oxalate ligand is proved to be a good candidate due to its various bridging abilities and strong coordination tendency with transition metals to form 2-and 3-D moderately robust networks exhibiting tunable ferro-or antiferro-magnetic exchanges [7] [8] [9] . On the other hand, the introduction of bior multi-dentate ligands containing N-or O-donors to the metal-oxalate system may lead to new structural evolution since the binding of these ligands to metal centers may adjust the dimensionality of metalorganic coordination polymers [10, 11] . Among the organic N-donors, 1,4-bis(imidazol-1-ylmethyl)-benzene (bix) is an excellent ligand for the construction of novel metal-organic coordination frameworks because of its two donor sites [12] . In this paper, we report a new Zn(II) coordination polymer [Zn(C 2 O 4 )(bix)] n 1, in which the 1D chains are held together via bix ligands to form a two-dimensional layer structure. Such 2D structure geometry is reported scarcely.
4,000-400 cm -1 on an Alpha Centaurt FT/IR Spectrophotometer using a KBr pellet. The fluorescent studies were carried out on a computer-controlled JY Fluoro-Max-3 spectrometer at room temperature. (1) Single-crystal X-ray diffraction data for 1 was recorded on a Bruker Smart Apex II CCD diffractometer with graphitemonochromated Mo Ka radiation (k = 0.71073 Å ) at 293 K. The structure was solved with the direct method of SHELXS-97 and refined with full-matrix least-squares techniques using the SHELXL-97 program [13, 14] . The non-hydrogen atoms of the complexes were refined with anisotropic temperature parameters. The hydrogen atoms attached to carbons were generated geometrically. Crystallographic parameters and the data collection statistics for structure 1 are given in Table 1 . Selected bond lengths and bond angles are listed in Table 2 . Further crystallographic parameters have been deposited with the Cambridge Crystallographic Data Centre (no. 874947; deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk/ data_request/cif).
Results and Discussion

Syntheses and General Characterization
The new d 10 metal complex reported here was simply synthesized under hydrothermal reaction condition. Complex 1 was controlled by the amount of triethylamine. In the reaction the molar ratio of Zn(OAc) 2 Á2H 2 O with bix, H 2 C 2 O 4 Á2H 2 O was kept at 1:1:2. However, the resulting products show small crystals when heating at 120°C, yield: 35 %; when heating at 150°C, block crystals suitable for the determination of X-ray were obtained, yield: 52 %.
IR Spectrum
The COO -is coordinated with its asymmetric and symmetric stretching appearing at 1,608 cm -1 (v(OCO) asym ) and 1,428 cm -1 (v(OCO) sym ) [15] , respectively. The Dm (m(OCO) asym -m(OCO) sym ) is 180 cm -1 (\200), showing the presence of bidentate linkage of carboxylates in the dianions. Thus the carboxylates coordinate to the metal as bidentate ligands via the carboxylate groups [16] . The absence of Table 2 Selected bond lengths (Å ) and bond angles (deg) for 1 [17] . In addition, X-ray diffraction analysis further indicates the bidentate coordination manners of carboxylate groups and the deprotonation of H 2 C 2 O 4 ligands.
Description of the Structure
A single-crystal X-ray diffraction study reveals that compound 1 crystallizes in the monoclinic space group C2/c 2-ligands display one kind of coordination mode, namely bidentate bridging mode, and the bix ligand adopts trans-conformation bridging mode with a dihedral angle between the two imidazole rings of 08.
The Zn(II) centers forms a type of 4O?2N mixed neutrality complex, and are interconnected by the bridging oxalate ligands to generate an infinite {Zn 2 (C 2 O 4 ) 2 } ? chain along the a axis. The ZnÁÁÁZn separation through the oxalate bridges is 5.667 Ǻ , the neighboring 1D {Zn 2 (C 2 O 4 ) 2 } ? infinite chains are linked via bix ligands to develop into 2D layer framework (Fig. 2) , which is similar with our reported paper [18] . In [18] , the structure of complex ([Zn(C 2 O 4 )(1,3-bix)] n ) is 2D network with (4,4) topology. From the packing diagram, we can see that the C 2 O 4 2-and bix ligands are also linked by means of C-HÁÁÁO hydrogen-bonding interactions (C1ÁÁÁO1 = 3.401(8) Å ) which are known to be important in the synthesis of supramolecular architectures [19, 20] and undoubtedly play an important role in stabilizing compound 1 (Fig. 3) .
To investigate whether the analyzed crystal structure is truly representative of the bulk materials, X-ray powder diffraction (PXRD) technology has been performed for the complex at room temperature (Fig. 4) . The main peak positions observed are in good agreement with the simulated ones. Although minor differences can be found in the positions, widths, and intensities of some peaks, it still can be considered that the bulk synthesized materials and the analyzed crystal are homogeneous. The differences may be due to the preferred orientation of the powder samples [21, 22] .
Luminescent Properties
Luminescence property is very important in photochemistry and photophysics [23, 24] . So in this study, the solidstate photoluminescence spectra of 1 (Fig. 5) , free H 2 C 2 O 4 Á2H 2 O and bix ligands were investigated at room temperature. Excited by 355 nm, coordination polymer 1 gives wide yellow emission with the maximum peak at 599 nm plus shoulder peak at 564 nm. The main emission peak of ligand bix is at 508 nm. However, no obvious emission bands are observed for the free H 2 C 2 O 4 ligand in the range of 400-800 nm under the same experimental conditions. The significant phenomenon of the fluorescenc emission of 1 here could be tentatively assigned to the ligand-to-metal charge transfer (LMCT) [25] . For possesses strong fluorescent intensity, it appears to be good candidates for novel hybrid inorganic-organic photoactive materials.
Theoretical Calculations
All calculations in this work were carried out with the Gaussian 09 program [26] . The parameters of the molecular structure for calculation were all from the experimental data of the complex. Natural bond orbital (NBO) analysis was performed by density functional theory (DFT) [27] with the PBE0 [28, 29] hybrid functional and the LANL2DZ basis set [30] .
The selected natural atomic charges and natural electron configuration for the complex is shown in 0.02 , respectively. Based on the above results, one can conclude that the Zn(II) ion coordination with N and O atoms is mainly on 3d, 4s, and 4p orbitals. N atoms form coordination bonds with Zn(II) ion using 2s and 2p orbitals. All O atoms supply electrons of 2s and 2p to Zn(II) ion and form the coordination bonds. Therefore, the Zn(II) ion obtained some electrons from two N atoms of bix ligand, four O atoms of C 2 O 4 2-ligand. Thus, according to valence-bond theory the atomic net charge distribution in the complex shows the obvious covalent interaction between the coordinated atoms and Zn(II) ion. As can be seen from the Fig. 6 , the HOMO mainly consists of Zn(II) ion and ligand and the LUMO is mainly composed of Zn(II) ion and ligand.
